Humanity is facing a number of serious issues associated with increased energy consumption and environmental pollution. Various studies/guidelines concerning sustainable building construction have suggested solutions to these disastrous problems, including: net-zero energy buildings, the green building certification system, and others.
Background and Significance
Humanity is faced with serious issues associated with increased energy consumption and environmental pollutants. As such, numerous studies and guidelines have been conducted and presented in an attempt to solve these disastrous problems. In early research of this kind, however, these efforts could not overcome their own limitations, i.e., Design (LEED) [1, 2, 3, 4, 5] . In Korea, the K-GBCS has been proposed.
While it is similar to LEED 2009 for New
Construction and Major Renovation (LEED-NC), it still needs more objective support to draw more reasonable conclusions, particularly in terms of the economic merits. The K-GBC claims that K-GBCS brings the following economic merits associated with the developed technologies to protect living environments: a reduction of building operating energy and cost savings related to the maintenance of health thanks to the cleaner environment [6] . In a capitalist economy, these potential economic merits should be reflected in the actual asset, such as real estate [1, 7] . The expected effectiveness of the K-GBCSassociated environmental and social aspects has already been revealed, but the economic benefits need to be clarified. Thus, in this study, by examining the difference in value between green-certified and non-certified buildings, the expected economic effectiveness of the K-GBCS will be identified as one of the most important aspects of sustainability.
3. Literature reviews
Sustainability
The English word 'sustainability' is derived from the Latin word 'sustinere.' While there are numerous meanings associated with the Latin term, it can be generally summarized as meaning 'maintain,' 'support' or 'endure.' [8] On the other hand, it has been applied more sensitively in relation to environmental conservation and development since the 1980s, and is currently defined by the United Nations General Assembly as the reconciliation of environmental conservation, social equity, and economic demands [9] . However, the UN's definition is somewhat broad, and is not accepted universally [10] . This openness rather than incompleteness dictates that it should be more precisely re-defined to ensure its serviceability [11] .
In relation to building construction, the definition of sustainability is derived from the current trend of attempting to balance land development with environmental conservation. [1, 4, 5, 6] . Based on this intent, the U.S. Green Building Council has developed LEED-NC as a guideline for sustainable building construction [2] . Likewise, the K-GBC is also a non-profit institute that encourages sustainability in how buildings are designed, built, and operated.
The K-GBC is best known for developing the Korean Green Building Certification System (K-GBCS) and Greenbuild, a green building conference and exposition that promotes the green building industry, including environmentally responsible materials, sustainable architecture techniques, and public policy [6] .
Like the LEED-NC in the United States, Korea has also employed the K-GBCS in earnest since 2003. The LEED-NC is recommended by the private sector, but the K-GBCS is advised by the government (Ministry of Land, Transport and Maritime Affairs, and Ministry of Environment). In addition to managerial agents, the other difference between the LEED-NC and the K-GBCS is that the former provides recommendations or guidelines but the latter is closer to laws or regulations, and thus K-GBCS should be considered a more powerful tool than the LEED-NC.
The K-GBCS is defined as a system which authorizes the green building certification for buildings that contribute to saving operating energy and reducing environmental pollutants across the life cycle of the building, including the design, construction, maintenance, and management phases. Therefore, it eventually aims for a sustainable environment in which human beings and nature can coexist [6] . This definition shows that the K-GBCS is also a kind of metric that does not block development due to environmental conservation, but encourages sustainable development for the coexistence of humanity and nature, like the LEED-NC. Similar to LEED-NC, the K-GBCS also promotes environmental, technical, and expected economic effectiveness, so that K-GBC also contains the benefits of the K-GBCS in terms of environmental and technical merits, both qualitatively and quantitatively [6] . On the other hand, politically, even though a couple of economic incentives have been provided to the owner or operator of the certified green building, it is difficult to quantitatively specify the actual added economic value.
House-Values
House-Value can be defined as a unit housing market price (￦/㎡) of residential condominiums. Green-Certified Building Group (GCB), i.e., a treatment group, as shown in Figure 3 . Next, each selected green building became the center of an area, i.e., the circular zone (the radius is 0.5 km).
In each circular zone, three non-certified buildings were selected, so that the control group, i.e., a Non-Certified Building Group (NCB), was composed of these 75 residential condominiums as shown in ----- (1) where, n is the number of samples in each region, HV means house-values
The HVI shows the relative value of a building regardless of its location. If HVI is larger than one, its absolute house value is higher than the average house value. Otherwise, its absolute house value is less than the average house value.
Likewise, the HVI is a value to express relative scale; thus, an arithmetic analysis across building location was possible. Table 1 shows physical characteristics, housevalues, and calculated house-value index for the sampled condominiums. R, G, A, CY, UV, and HVI mean a region, a group, area of exclusive use space, completion year, unit house value, and house-value index, respectively. However, considering the distribution associated standard deviation, maximum and minimum values, it is necessary to check the outliers. According to the standard residual, Cook's distance, and Leverage, two records in NCB and one record in GCB need to be deleted.
Descriptive Statistics And Outliers

Analysis of Variance
The main concern of this study is whether there is an HVI difference between group GCB and NCB.
Commonly, it should be obvious that the sample means for the two groups could not be numerically identical, as shown in Table 2 . However, statistically, it is not so simple to conclude that this difference is meaningful. The Analysis of Variance (ANOVA) aims to determine whether the numerical difference between these sample means is statistically significant. If the difference is more than what might be possible accidentally, i.e., caused by the properties of two groups, GCB and NCB, it could be concluded that there is sufficient evidence to verify there are reasonable differences between the population means. The hypotheses to testify this ANOVA problem are as follows.
where, and are the HV means for the green certified building and non-certified building respectively.
The variance of the data to determine the statistical difference between two group means could be analyzed through the F test, which provides the p-value. With this p-value, the hypotheses above are tested for a decision.
Through the F test, if the between-group variability is larger than the within-group variability, H0 could be rejected; i.e., it could be concluded that the means for the two groups are statistically different. The F test results are shown in Table 3 . Figure 5 and Figure 6 . Thus, it is concluded that the standard residual is normally distributed. There are two representative ways to check the assumption of equal variance: looking at descriptive statistics and conducting a test for equal variance. In a situation of unequal variance, the probability that a biased conclusion will be drawn from the analysis is increased. According to the Levene test, the p-value is 0.084, so it failed to reject the null hypothesis, and population variance is equal. Thus, it could be concluded that the variance is equal. In sum, the ANOVA test satisfied the three assumptions: normality, independency, and homogeneity. Therefore, it is possible to conclude that the house-values of green-certified buildings are higher than those for the non-certified buildings.
A notable observation is that the tendency verified in this study is stronger in Gyeonggi Province than in Seoul. This may be caused by the variable "associated proximity from downtown." To identify this additional tendency, further study is required.
Conclusion
The K-GBCS has been provided by the K-GBC This may be caused by the variable "proximity to downtown," which should be a consideration in further studies.
